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Abstract

BACKGROUND: Patellofemoral pain is a commonly diagnosed health condition that can
negatively impact short- and long-term health and wellness. Prevention strategies to screen for
and mitigate the risk of developing patellofemoral pain are needed. Current screening tools
evaluating lower extremity movement quality lack the specificity to identify at risk individuals.
PURPOSE: The purpose of this study is to explore the inter-rater reliability and concurrent
validity of the real-time visual observation of the single-leg squat, single-leg step down, and
single-leg drop landing by athletic trainers to evaluate lower extremity movement quality related
to functional activities that may predispose to knee dysfunction. METHODS: A novel
screening tool was developed to assess lower extremity movement quality of the single-leg squat,
single-leg step down, and single-leg drop landing. Twelve female subjects completed each task
and were assessed by two clinician raters using the screening tool. Interrater reliability was
calculated for the clinician raters and three-dimensional motion analysis was recorded to
establish concurrent validity.
RESULTS: There was a strong, positive, significant correlation between raters for the single-leg
drop landing (rs = .44, p=0.03) and the single-leg squat (rs = .64, p=0.001). There was a
moderate, positive correlation between raters for the single-leg step-down, which was not
statistically significant (rs = .31, p=0.137). There was a strong, positive, significant correlation
between the mean scores of the raters and motion analysis for the single-leg drop landing (rs
=.53, p=0.008). There was a strong, negative, significant correlation between the mean scores of
the raters and motion analysis for the single-leg squat (rs = -.48, p=0.018). There was a weak,

X
positive correlation between the mean scores of the raters and motion analysis for the single-leg
step-down, which was not statistically significant (rs = .28, p=0.186).
CONCLUSION: The collective results support that the screening tool proposed to evaluate
lower extremity movement quality should not be used to assess knee joint flexion during a
single-leg drop landing, or to assess frontal plane knee valgus during a single-leg squat or singleleg step down.
Keywords: Movement screening, patellofemoral pain, injury prevention
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CHAPTER I
Introduction
Background
Prevalence and Incidence of Patellofemoral Pain
Patellofemoral pain (PFP) is a commonly diagnosed musculoskeletal condition that causes
anterior knee pain during various lower extremity-related activities such as running, squatting
and climbing stairs (Davis & Powers, 2010). Most studies of PFP have focused on young
populations (Mølgaard et al., 2011; Rathleff et al., 2013), military populations (M. Boling et al.,
2010), and sport participants (Barber Foss et al., 2012; DeHaven & Lintner, 1986; Taunton et al.,
2002). (Crossley et al., 2016) reported a prevalence and incidence of PFP in young adolescents
of 7-28% and 9.2%, respectively. In a study of United States Naval Academy recruits, (M.
Boling et al., 2010) reported a prevalence of 12% in males and 15% in females, and an incidence
of PFP of 3.8% in males and 6.5% in females. (Glaviano et al., 2015) noted that the historical
focus on these specific populations limited our understanding of the prevalence and incidence of
PFP in the general population. Consequently, (Glaviano et al., 2015) examined ICD-9 code data
from a national database and reported that PFP accounted for up to 7.3% of the diagnoses of
patients seen by orthopedic physicians and the diagnosis rate was highest in individuals aged 5059. In addition to the reported incidence and prevalence of PFP, there is also a 70% to 90%
recurrence rate in those previously diagnosed with PFP (Bolgla et al., 2018). Taken together,
current evidence supports that PFP affects individuals from different populations, with varying
activity levels, across the age spectrum from adolescence to adulthood.
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Impact of Patellofemoral Pain on Health and Wellness
The International Classification of Functioning, Disability, and Health (ICF) (The
International Classification of Functioning, 2001) provides a framework to describe the impact
that the interplay of health conditions, environmental factors, and personal factors have on
individuals. Figure 1 uses the ICF framework to illustrate an example of the impact that
patellofemoral pain, environmental barriers, and personal factors may have on an individual.
Figure 1
International Classification of Functioning, Disability, and Health Chart. An example of the
impact of patellofemoral pain on individuals using the ICF model (The International
Classification of Functioning, 2001).

Environmental Factors:
Works full time; long commute; part-time
caregiver for mom with Parkinson’s disease

Individuals with patellofemoral pain often have activity limitations, such as difficulty with
normal daily activities like walking and exercise, which result in participation restrictions - the
inability to participate in their typical societal roles - like running with friends, going to fitness
classes, or being a caregiver. The inability to participate in physical activity, combined with a
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sense of not being able to participate in one’s societal roles, can impact an individual’s wellbeing
in multiple ways.
Participating in physical activity has known benefits for improved health and wellness,
including decreasing risk for health conditions such as cardiovascular disease, osteoarthritis, type
2 diabetes, cancer, and improving mental health (Benefits of Physical Activity, n.d.). Individuals
with PFP often reduce or discontinue their participation in physical activity (Rathleff et al., 2012)
which may increase their risk for these health conditions. Additionally, (Smith et al., 2018)
reported on the lived experience of individuals with PFP and cited loss of physical and functional
ability; loss of self-identity; pain-related confusion and difficulty making sense of their pain;
pain-related fear; inappropriate coping strategies and fear of the future. (Jensen et al., 2005)
identified that individuals with PFP had higher levels of mental distress and lower levels of selfperceived health. There is also some evidence that PFP leads to the development of
patellofemoral osteoarthritis (Thomas et al., 2010; Utting et al., 2005; van Middelkoop et al.,
2018), which often leads to a decrease in physical activity. These studies highlight the multiple
impacts of PFP on health and wellness. Interestingly, no studies have reported on the long-term
cost of treating individuals with PFP. However, it is not unreasonable to deduce that the costs
would be high given the incidence and prevalence of PFP, resultant decrease in physical activity,
effect on behavioral wellness, and potential development of patellofemoral osteoarthritis.
Therefore, it is important to identify strategies to keep individuals physically active to maintain
long-term health and wellness.
Health Promotion and Injury and Illness Prevention
Initiatives focusing on health promotion and illness and injury prevention, particularly
osteoarthritis of the hip, knee, and ankle (Roos & Arden, 2015) are partially the result of the high

4
cost of the care-based healthcare system in the United States (Fries et al., 1993). In 2011, as a
part of the Affordable Care Act, the US Surgeon General and chair of the National Prevention,
Health Promotion, and Public Health Council published the National Prevention Strategy:
America’s Plan for Better Health and Wellness (National Prevention Council National
Prevention Strategy, 2011). The strategy proposes roles and actions for communities, state and
local governments, the federal government, healthcare providers, and individuals for improving
wellness by targeting causes of disability and death.
Participating in physical activity has known benefits for improved health and wellness. The
Centers for Disease Control estimates that 213 million Americans participated in some type of
organized or recreational sports activities in 2015 (Sheu et al., 2016). Although the benefits of
engaging in physical activity outweigh the risks (Benefits of Physical Activity, n.d.), participation
in physical activity can increase the risk for injury, particularly musculoskeletal conditions (Patel
& Baker, 2006; Sheu et al., 2016; United States Bone and Joint Initiative: The Burden of
Musculoskeletal Diseases in the United States (BMUS), 2014).
In the United States, musculoskeletal conditions account for an estimated $213 billion in
annual healthcare costs and missed work (United States Bone and Joint Initiative: The Burden of
Musculoskeletal Diseases in the United States (BMUS), 2014). Additionally, injury often leads
to the cessation of physical activity (Sports and Health in America, 2015), potentially resulting in
chronic health conditions associated with poor physical fitness such as obesity, osteoarthritis,
cardiovascular disease, and type 2 diabetes (Booth et al., 2012).
The Etiology of Patellofemoral Pain and a Focus on Prevention
Given the incidence and prevalence of individuals with patellofemoral pain, it is important to
understand its cause, and identify potential risk factors, for prevention to be possible. The
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etiology of PFP has been studied extensively and is widely accepted as multifactorial (Davis &
Powers, 2010; Powers et al., 2017; Erik Witvrouw et al., 2014). Various biomechanical factors
have been identified as potential contributing factors (e.g., amount of foot pronation, Q-angle
size, quadriceps muscle strength) with no single factor identified as the most likely cause
(Duffey et al., 2000; Messier et al., 1991; Erik Witvrouw et al., 2014). Weakness of various hip
muscle groups is well documented in patients presenting with PFP (Prins & van der Wurff,
2009). Decreased core stability (Leetun et al., 2004) and increased ground reaction force during
weight bearing activities have also been reported in subjects with patellofemoral pain (Duffey et
al., 2000; Levinger & Gilleard, 2007). Given the multiple contributing factors to PFP and their
impact on lower extremity biomechanics, it has been proposed that evaluating lower extremity
movement quality is a plausible way to identify risk and, consequently, prevention efforts
(Powers, 2003; Erik Witvrouw et al., 2014).
The single-leg squat, single-leg step down, and single-leg drop landing are functional tests
commonly used in research to evaluate lower extremity kinematics (Bolgla et al., 2008; Boling et
al., 2009; Souza & Powers, 2009; Willson & Davis, 2008). Additionally, (Boling et al., 2009)
identified that landing from a jump with less knee flexion was predictive of the development of
PFP, while (Ekegren et al., 2009) found that individuals who landed from a jump with 10.83
degrees or more knee valgus fell into their “high risk” criteria. Identifying specific lower
extremity biomechanics that put individuals at risk of injury is important as it can provide
information about how to approach prevention. However, most studies evaluating lower
extremity biomechanics use laboratory-based motional analysis systems (Boling et al., 2009;
Padua et al., 2009; Souza & Powers, 2009; Willson & Davis, 2008), which limits their
practicality and applicability in fiscally- and time-constrained environments, such as clinics,
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secondary school settings, and lesser resourced college/university settings. Thus, clinicians in
these environments are limited in their ability to evaluate lower extremity biomechanics with
known valid and reliable methods.
Clinician observation of patients performing the single-leg squat, single-leg step down, and
single-leg drop landing is commonly used to assess patients’ lower extremity movement quality
(Crossley et al., 2011; Loudon et al., 2002; Stensrud et al., 2011). These tests are feasible in the
clinic as well as in research laboratories. However, it is not clear that the tests accurately
identify movement patterns supported by evidence linking them to injury. Therefore, it is
imperative to know whether accurate detection of knee joint kinematics during real-time
observation of the tasks by clinicians is possible as it would provide more evidence for their use
as screening tools, particularly in settings with limited time and/or resources, such as clinics,
secondary schools, and lesser-resourced college/university settings.
Athletic Trainers and their Role in Prevention
Athletic trainers are healthcare providers who work in a variety of settings including
secondary schools, colleges and universities, performing arts, industry, the military, and
physician offices (AT each moment, n.d.). As such, ATs are well positioned to implement
strategies to identify risk and, subsequently, prevent injury. In fact, the Board of Certification
Standards of Professional Practice for Athletic Trainers (M. C. Boling et al., 2009) identifies the
implementation of measures to prevent or mitigate injury, illness, or long-term disability, as an
essential duty and obligation of athletic trainers. Preparticipation screenings (PPS) are one
important way that ATs focus on injury and illness prevention. The PPS process traditionally
includes a medical history review and some form of a physical exam. The purpose is to screen
for conditions that may increase an individual’s risk of injury or illness during whatever activity
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that the individual will be participating in, and to implement individual strategies to reduce the
risk. Depending on the nature of the risk, strategies may include anything from injury prevention
programs to disqualification from participation.
ATs commonly use a station-based preparticipation screening format, in which large groups
are screened at one time. In this format, it is neither practical nor feasible for ATs to include
movement screenings in the PPS process that use the expensive and time-intensive methods seen
in laboratory settings. Identifying whether the single-leg squat, single-leg step down, and singleleg drop landing have clinical applicability for screening would be helpful to ATs as it would
provide a simple, quick, effective way to screen for individuals at risk of developing
patellofemoral pain and subsequently implement prevention strategies to target the individual’s
specific functional impairments.
Literature Gap and Purpose for the Study
To the best of our knowledge, no studies have examined the reliability and validity of realtime observation evaluating lower extremity movement quality using a screening tool that
incorporates specifically identified lower extremity kinematics identified as high risk and/or are
predictive of PFP.
Thus, the purpose of this study is to explore the inter-rater reliability and concurrent validity
of the real-time visual observation of the single-leg squat, single-leg step down, and single-leg
drop landing by athletic trainers to evaluate lower extremity movement quality related to
functional activities that may predispose to knee dysfunction.
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Significance of the study
Findings from this study will help clinicians determine if commonly used methods for
assessment of lower extremity movement quality may be used to accurately classify individuals
who may be at risk so that appropriate prevention intervention strategies can be implemented.
Research Questions
RQ1. What is the inter-rater reliability of real-time observational assessment of sagittal plane
knee flexion during a single-leg drop landing task?
RQ2. What is the inter-rater reliability of real-time observational assessment of frontal plane
knee valgus motion during a single-leg squat?
RQ3. What is the inter-rater reliability of real-time observational assessment of frontal plane
knee valgus motion during a single-leg step down?
RQ4. What is the concurrent validity of real-time observational assessment of sagittal plane
knee flexion during a single-leg drop landing task?
RQ5. What is the concurrent validity of real-time observational assessment of frontal plane
knee valgus during a single-leg squat?
RQ6. What is the concurrent validity of real-time observational assessment of frontal plane
knee valgus during a single-leg step down?
Hypotheses
H01. We hypothesize that real-time observational ratings of sagittal plane knee flexion during
a single-leg drop-landing task will not be significantly correlated between raters.
H02. We hypothesize that real-time observational ratings of frontal plane knee valgus during
a single-leg squat task will not be significantly correlated between raters.
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H03. We hypothesize that real-time observational ratings of frontal plane knee valgus during
a single-leg step down task will not be significantly correlated between raters.
H04. We hypothesize that raters’ real-time observational ratings of sagittal plane knee flexion
during a single-leg drop-landing task will not be significantly correlated with motion analysis
measures.
H05. We hypothesize that raters’ real-time observational ratings of frontal plane knee valgus
during a single-leg squat task will not be significantly correlated with motion analysis measures.
H06. We hypothesize that raters’ real-time observational ratings of frontal plan knee valgus
during a single-leg step-down task will not be significantly correlated with motion analysis
measures.
Conceptual Framework
A conceptual framework provides context for the approach taken to examine a research
question. The four-step process for injury prevention described by (van Mechelen et al., 1992)
provides the context for this study. The authors identified the following steps for injury
prevention: 1) identify the magnitude of the problem; 2) identify the risk factors and injury
mechanisms; 3) introduce ways to reduce future risk based on information from step 2; and 4)
assess the effectiveness of the risk-reduction strategies. This chapter’s sections titled
“Prevalence and Incidence of Patellofemoral Pain” and “Impact of Patellofemoral Pain on Health
and Wellness” address steps 1 and 2 of this process. This study aims to add to the body of
literature for step 3, introducing ways to reduce future risk of individuals developing
patellofemoral pain. The approach will be to identify whether real-time observational screening
using the single-leg squat, single-leg step down, and/or single-leg drop-landing provides
clinicians with accurate information about lower extremity movement quality. Findings from
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this study will help clinicians better understand whether they can confidently identify individuals
who may be at risk of developing PFP using the screening tool proposed to evaluate lower
extremity movement quality, and consequently implement strategies to decrease their risk via
interventions to correct poor movement, step 4.
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CHAPTER II
Literature Review
Anatomy and Normal Function of the Patellofemoral Joint
The patella serves as a dynamic fulcrum that increases the mechanical advantage of the
quadriceps (Bellemans, 2003). During tibiofemoral flexion, the patella migrates inferiorly within
the trochlear groove of the femur. As tibiofemoral flexion increases, the articulating surface of
the patella on the femur shifts from inferior to superior. During normal function, the contracting
quadriceps compress the patella into the trochlea, producing a patellofemoral joint reaction force
that is relatively evenly distributed across the patella’s articular surface (Loudon, 2016).
Alterations to these normal arthrokinematics may lead to the development of a health condition
known as patellofemoral pain.
Patellofemoral Pain: Description and Diagnosis
Patellofemoral pain is a term used to describe anterior knee pain that is typically associated
with physical activity and overuse (van Middelkoop et al., 2018). Patellofemoral pain is
diagnosed based on patients’ reports of diffuse anterior knee pain around or behind the patella
that is exacerbated by weight-bearing activities involving eccentric quadriceps contraction, such
as squatting, stair-climbing, or running (Crossley et al, 2016). Some patients may also describe
crepitus, pain with palpation around the patella, or pain with knee extension after long periods of
sitting (Crossley et al, 2016). Due to the pain associated with physical activity and the
accompanying impact it may have on individual’s daily activities, addressing it through
prevention strategies is prudent.
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Conceptual Framework: Magnitude of the Problem
The first step in the conceptual framework for injury prevention is to identify the magnitude
of the problem (van Mechelen et al., 1992). The following sections provide data that describe
the impact of patellofemoral pain at the population level and at the personal level.
Prevalence and Incidence of Patellofemoral Pain
Descriptive epidemiological measures such as prevalence and incidence can be used to
describe a health condition’s impact on the population (Portney & Watkins, 2013).
Patellofemoral pain is a commonly diagnosed condition with a reported prevalence from 7-28%,
incidence from 3.8-9.2% (M. Boling et al., 2010; Crossley et al., 2016), and accounting for up to
7.3% of diagnoses by orthopedic physicians (M. Boling et al., 2010; Crossley et al., 2016;
Glaviano et al., 2015). Patellofemoral pain affects and has been studied in individuals in various
populations such as athletes (Barber Foss et al., 2012; DeHaven & Lintner, 1986; Taunton et al.,
2002) and military personnel (M. C. Boling et al., 2009). Patellofemoral pain occurs in
individuals from adolescence to adulthood (Crossley et al., 2016; Glaviano et al., 2015).
Additionally, patellofemoral pain has a 70%-90% recurrence rate (Bolgla et al., 2018), indicating
the likelihood that it may impact individuals multiple times in their life.
Impact on Health and Wellness
A health condition’s effect on an individual’s health and wellness is another source of
evidence that can be used to describe the magnitude of the problem. Patellofemoral pain can
negatively impact an individual’s health and wellness in three primary ways: physically,
behaviorally, and structurally.
Physically, individuals with patellofemoral pain often reduce or discontinue their
participation in physical activity (Rathleff et al., 2012) thereby compromising the known benefits
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of improved mental health, and reduced risk for cardiovascular disease, type 2 diabetes,
osteoarthritis, and cancer (Benefits of Physical Activity, n.d.). Ultimately, the change in an
individual’s participation in physical activity may result in participation restrictions that limit
their societal roles such as running with friends, going to fitness classes, or being a caregiver.
The inability to participate in physical activity, combined with a sense of not being able to
participate in one’s societal roles, can impact an individual’s behavioral wellbeing including a
loss of self-identity (Smith et al., 2018), and increased levels of mental distress and lower levels
of self-perceived health (Jensen et al., 2005). Finally, from a structural standpoint, there is
evidence to suggest that individuals with patellofemoral pain may go on to develop
patellofemoral osteoarthritis later in life (Thomas et al., 2010; Utting et al., 2005; van
Middelkoop et al., 2018).
Collectively, the prevalence, incidence, recurrence rate, and the negative impact of
patellofemoral pain on an individual’s health and wellness, suggest that patellofemoral pain is a
problem that should be addressed via the identification of prevention strategies.
Conceptual Framework: Identify Risk Factors and Injury Mechanisms
The second step in the conceptual framework for injury prevention is to identify risk factors
and injury mechanisms (van Mechelen et al., 1992). The following sections describe the
literature associated with the etiology of patellofemoral pain and the related contributing factors.
Etiology of Patellofemoral pain
The etiology of patellofemoral pain is multifactorial. The contemporary understanding,
published following the 4th International Patellofemoral Pain Research Retreat, is that decreased
patellofemoral joint contact area and/or increased patellofemoral joint reaction forces result in
increased load at the patellofemoral joint; the increased patellofemoral joint load is considered to
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be the ultimate cause of patellofemoral pain (Powers et al., 2017). Figure 2 illustrates that there
are many modifiable and non-modifiable factors that may lead to the increased patellofemoral
joint load (Boling et al., 2009), many of which have been extensively studied.
Figure 2 also illustrates that altered tibiofemoral joint mechanics is the only modifiable factor
that influences both decreased patellofemoral joint contact area and increased patellofemoral
joint reaction forces. Hence, altered tibiofemoral joint mechanics is the contributing factor that
will be the focus of the identification of risk factors and injury mechanisms. However, it is also
important to describe what is known about the individual modifiable factors considered to be
potential contributors to the development of patellofemoral pain. Much of the research related to
identifying risk factors compared variables between individuals who had patellofemoral pain and
those who did not.
Figure 2
Potential contributing factors to the development of patellofemoral pain. Adapted from Powers
et al., 2017.
Patellofemoral
Pain

Modifiable factors
•
•
•
•
•
•
•
•
•

Patella malalignment or
maltracking
Impaired quadriceps
function
Impaired soft tissue
restraints
Altered hip kinematics
Altered foot mechanics
Altered ground reaction
forces
Altered trunk
kinematics
Muscle tightness
Altered tibiofemoral
joint kinetics

Non-modifiable factors
•

Elevated PFJ
Loading

•
•

1. Cartilage stress
2. Bone stress

Decreased PFJ
Contact Area

Increased PFJ
Reaction Forces
Altered
Tibiofemoral Joint
Mechanics
1. Sagittal plane
2. Frontal plane
3. Transverse plane

Excessive femoral
rotation
Abnormal PFJ anatomy
Reduced cartilage
thickness
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Risk Factors: studies comparing subjects with and without patellofemoral pain
Many studies related to identifying factors that contribute to the risk of developing
patellofemoral pain are exploratory and therefore are limited in their ability to establish causeand-effect. However, these studies are important to our overall understanding of patellofemoral
pain. The following sub-sections will address our understanding of many of the modifiable
factors identified in Figure 2 that are associated with the development of patellofemoral pain.
Patella malalignment or maltracking. Alterations to normal patellofemoral arthrokinematics
(i.e., lateral patellar glide; lateral patella tilt; femoral internal rotation) can cause a decreased
overall contact area between the patella and femur, resulting in the force distribution occurring
over a smaller contact area (Powers et al., 2017). Heino Brechter & Powers (2002) used MRI
imaging of the patellofemoral joint at various angles of knee flexion combined with threedimensional motion analysis of walking to develop an algorithm to calculate patellofemoral
stress and patellofemoral joint reaction force in individuals with and without patellofemoral pain.
Results revealed that subjects with patellofemoral pain had significantly greater patellofemoral
joint stress compared to those without patellofemoral pain. The authors attributed the increased
stress to the significantly decreased patellofemoral joint contact area identified by MRI in the
individuals with patellofemoral pain. In other words, the stresses at the patellofemoral joint that
occurred during walking in the individuals with patellofemoral pain occurred over a smaller
contact area. Other authors have also suggested that over time, repeated forces occurring over a
smaller patellofemoral joint contact area may lead to patellofemoral pain (Goodfellow et al.,
1976; Heino Brechter & Powers, 2002; Loudon, 2016). These results provide a better
understanding of how patella malalignment or maltracking may contribute to patellofemoral
pain.

16
Impaired quadriceps function. Several authors have investigated variables related to the
potential contribution of the quadriceps group to patellofemoral pain, including quadriceps
strength, endurance, and electromyographic activity.
Messier et al., 1991 and Duffey et al., 2000 measured isokinetic strength and endurance of
the quadriceps in individuals with and without patellofemoral pain. Messier et al., (1991)
reported significantly lower quadriceps endurance in the patellofemoral pain group, but no
differences in isokinetic strength between groups. Duffey et al. (2000) reported significantly
lower strength and endurance measures between groups. The larger sample size and increased
number of repetitions analyzed by Duffey et al. (2000) may have contributed to the statistically
significant difference in quadriceps strength not reported by Messier et al. (1991).
Cowan et al. (2002) and McClinton et al. (2007) both measured the onset of vastus medialis
oblique (VMO) and vastus lateralis (VL) electromyographic (EMG) activity in individuals with
and without patellofemoral pain. Cowan et al. (2002) used a weight bearing maneuver intended
to simulate the anticipation of the start of a lower extremity activity that challenged the stability
of the knee. Results demonstrated that the VMO was activated later than the VL in subjects with
patellofemoral pain compared to controls, which authors suggested demonstrated a difference in
preparatory muscle activation for more advanced lower extremity activity and, since the VMO
and VL are considered to be dynamic patellar stabilizers, the difference in their onset timing
could be a contributing factor in the development of patellofemoral pain. McClinton et al.
(2007) measured onset timing of the VMO and VL during a stair stepping activity. The results
revealed no difference in the onset of activation of the VMO or VL between groups. However,
they did note that the VL was not active for as long as the VMO in subjects with patellofemoral
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pain. The authors noted this timing difference might affect the positioning of the patella since
the VMO and VL are dynamic medial and lateral stabilizers of the patella, respectively.
Muscle tightness. Witvrouw et al. (2000) and Piva et al. (2005) assessed quadriceps length in
individuals with and without patellofemoral pain. Both studies revealed individuals with
patellofemoral pain had decreased quadriceps flexibility and suggested that it may be a
contributing factor to the development of patellofemoral pain. However, Peeler & Anderson
(2007) assessed static stretching of the quadriceps in patients with patellofemoral pain and found
that it was only effective in increasing knee range of motion and not in decreasing pain or
increasing function in this population, which may suggest that quadriceps length was not a
contributing factor to the development of patellofemoral pain.
Altered foot mechanics. Earl et al. (2005) measured dynamic peak pronation (eversion) angle
during a step-down task in individuals with and without patellofemoral pain. Discriminant
function analysis revealed that peak pronation was a significant predictor of patellofemoral pain
group membership. Similarly, Levinger & Gilleard (2007) used video analysis to measure
rearfoot motion during walking in individuals with and without patellofemoral pain. Their
results revealed no significant differences in amount of rearfoot motion between groups.
However, significant differences were reported for timing of peak eversion for subjects with
patellofemoral pain, demonstrating a longer time to peak eversion. Their results suggest that the
individuals with patellofemoral pain spent more time in pronation (eversion) than those without
patellofemoral pain. Conversely, Powers et al. (2002) used motion analysis to measure foot
pronation during walking in individuals with and without patellofemoral pain using motion
analysis and found no differences between the groups. Hence, the evidence appears to suggest
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that there may be a difference in the timing of foot pronation between subjects with and without
patellofemoral pain, but not the amount of pronation.
Altered Hip Kinematics. Dierks et al. (2008) measured hip abductor and external rotator
strength, and lower extremity kinematics via three-dimensional motion analysis in individuals
with and without patellofemoral pain during treadmill running. Their results revealed
significantly weaker hip abductors in the patellofemoral pain group, which was significantly
correlated with increased hip adduction angle during running. (Souza & Powers, 2009)
investigated whether differences in hip kinematics exist between subjects with and without
patellofemoral pain using three-dimensional motion analysis during drop jump, step down, and
running tasks. Results revealed that the subjects with patellofemoral pain demonstrated
significantly greater peak hip internal rotation during all tasks. Conversely, Bolgla et al. (2008)
evaluated hip kinematics during stair descent in individuals with and without patellofemoral pain
using three-dimensional motion analysis and found no significant differences between groups for
hip internal rotation or hip adduction. Overall, the subjects with patellofemoral pain
demonstrated trends towards less hip internal rotation and more hip adduction than the subjects
without patellofemoral pain. The authors hypothesized that the stair descent activity used in the
study may not have been challenging enough and therefore allowed subjects with patellofemoral
pain to maintain gait patterns like those without patellofemoral pain. The results of these studies
suggest that altered hip kinematics may also be a contributing factor in patellofemoral pain.
Summary. The studies comparing the lower extremity kinematics of individuals with and
without patellofemoral pain provide some insight into the potential contributing factors of
patellofemoral pain. They also provide evidence that individuals with patellofemoral pain
demonstrate altered lower extremity kinematics during activities such as stair walking, running,
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squatting, and landing. However, it is unclear whether the altered kinematics are causal since
they could be the result of having patellofemoral pain. To provide more insight into the causes
of patellofemoral pain it is important to review prospective studies.
Risk Factors: prospective studies
Another important approach to help our understanding of the risk of individuals developing
patellofemoral pain is through prospective research. In prospective studies the variables of
interest are measured at the outset of the study and then the subjects are followed for a period of
time to observe which subjects develop the condition being studied (Portney & Watkins, 2013).
(Boling et al., 2009) prospectively assessed the lower extremity biomechanics, isometric
strength of the hip and knee, and structural alignment of the lower extremity of 1,597 freshmen
entering the United States Naval Academy. The subjects were subsequently followed for up to
2.5 years after their enrollment during which time a review of their medical records was
conducted to identify those who were diagnosed with patellofemoral pain. A comparison
between subjects who did not develop patellofemoral pain during the follow-up period and the
40 subjects who developed patellofemoral pain revealed that during the jump-landing task,
subjects who landed with 63.2 degrees of knee flexion had a 3.1 times greater risk of developing
patellofemoral pain than those who landed with 99.5 degrees knee flexion (the 90th percentile).
These results suggest that using a jump-landing task to assess knee joint flexion landing angle
may be a way to identify risk of developing patellofemoral pain.
Pappas & Wong-Tom (2012) performed a systematic review and meta-analysis of
prospective studies investigating predictors of patellofemoral pain. Seven studies were included
in the review. Variables measured among the included studies were anthropometric data (e.g.,
height weight, BMI), measures of physical fitness (e.g, number of sit-ups, vertical jump, sit and
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reach), knee extension strength, structural alignment, and knee joint biomechanics during droplanding tasks. Of the variables the authors were able to pool for meta-analysis, decreased
isometric knee extension strength was the only modifiable factor identified as a predictor of
patellofemoral pain. The authors also noted that increased knee valgus moment during landing
and peak knee flexion during landing were both predictive of developing patellofemoral pain.
Finally, Holden et al. (2017) assessed whether frontal plane knee valgus during a jumplanding task was predictive of the development of patellofemoral pain. Both three-dimensional
and two-dimensional kinematic data of knee valgus motion were collected using motion analysis
equipment and a standard video camera, respectively. Eight subjects (N=76) were diagnosed
with patellofemoral pain during the two-year follow up. Subjects who developed patellofemoral
pain demonstrated an average of 7.79 degrees more knee valgus displacement than the subjects
who did not, and knee valgus displacement was a predictor of the development of patellofemoral
pain. A knee valgus displacement of 10.6 degrees predicted the development of patellofemoral
pain with 75% sensitivity and 85% specificity. This study not only demonstrated that knee
valgus during landing can predict patellofemoral pain, but it also verified via concurrent validity
using three-dimensional motion analysis, that two-dimensional analysis can be confidently used
to assess frontal plane knee valgus.
The results of these prospective studies provide evidence that specific kinematic traits –
decreased knee flexion during landing, and increased frontal plane knee valgus – can result in the
development of patellofemoral pain. More specifically, increased frontal plane knee valgus of
greater than 10 degrees (Ekegren et al., 2009; Holden et al., 2017) and decreased knee joint
flexion during landing of 63 degrees or less (Boling et al., 2009) have been identified as
predictive of individuals who develop patellofemoral pain. This evidence, combined with the
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evidence related to the potential contributing factors in patellofemoral pain from studies of
individuals with and without patellofemoral pain, suggest that individuals with patellofemoral
pain demonstrate altered lower extremity kinematics during activities such as stair walking,
running, squatting, and landing. The collective results of these investigations are helpful to our
understanding of movement patterns displayed by individuals with and without patellofemoral
pain and can therefore be used to inform the development of screening mechanisms as a way to
reduce risk.
Conceptual Framework: Introduce Ways to Reduce Future Risk
The contemporary pathomechanical model of patellofemoral pain (Powers et al., 2017)
suggests that decreased patellofemoral joint contact area and/or increased patellofemoral joint
reaction forces result in increased load at the patellofemoral joint; the increased patellofemoral
joint load is considered to be the ultimate cause of patellofemoral pain. Figure 2 illustrates that
altered tibiofemoral joint mechanics is the only modifiable factor that influences both decreased
patellofemoral joint contact area and increased patellofemoral joint reaction forces. Hence, the
identification of altered tibiofemoral joint mechanics should be a focus of prevention efforts.
Movement screening is one mechanism for identifying altered tibiofemoral joint mechanics and
multiple studies have focused on developing screening mechanisms to identify individuals with
at-risk tibiofemoral joint mechanics.
Padua et al. (2009) developed and validated a lower extremity screening tool called the
Landing Error Scoring System (LESS) to classify individuals with lower extremity movement
patters that are considered high risk. Two standard video cameras were used to record frontal
and sagittal plane trunk and lower extremity movements of an individual performing a jumplanding task. Practitioners then viewed the video, critiquing the subjects’ performance of the
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task using a set of 17 items that assessed lower extremity and trunk position throughout the task.
The LESS was determined to have good interrater reliability (ICC=0.84). Concurrent validity of
the tool was conducted using three-dimensional motion analysis and revealed that that subjects
with higher scores (i.e., more “errors”) had different lower extremity kinematics than those with
lower scores (i.e., fewer “errors”) suggesting that the tool could be used for differentiating
individuals who demonstrate at-risk landing mechanics. Specifically, individuals with more
errors demonstrated less knee flexion, increased knee valgus, and greater knee extension and
knee valgus moments. Notably, it took approximately five minutes per subject to complete a
session and an additional four minutes for a rater to review the recordings and score the subject’s
movement. The time and equipment required for use of the LESS may be a barrier for use in
busy and under resourced clinical settings.
Ekegren et al. (2009) sought to assess clinicians’ ability to assess subjects’ knee valgus
motion during a drop-landing task. The authors developed a screening tool requiring the
clinician observers to use a frontal-plane-view video recording of each subject to rate their knee
mechanics during landing as either high risk or low risk based on the position of their patella
during landing. Subjects whose patella was medial to the first toe during landing were scored as
high risk and those whose patella was in line with the first toe were scored as low risk. Ratings
were compared with three-dimensional video analysis and a gold standard cutoff point of 10.83
degrees of knee valgus which was used to differentiate between truly high risk and low risk. The
tool demonstrated good interrater agreement (κ=0.85), however the authors reported it had poor
sensitivity as the raters failed to detect 33% of the subjects considered to be truly high risk.
Screening tools should seek to have high sensitivity to achieve the goal of identifying most of the
individuals who truly have a condition for effective intervention to be successful. Clinicians
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should consider whether assessing frontal plane knee valgus during a drop-jump task is an
effective way to screen for at-risk lower extremity movement quality. In fact, Jones et al. (2014)
suggested that it may be too difficult to analyze frontal plane knee valgus during a drop-jump
because the task happens quickly.
Ageberg et al. (2010) similarly developed a screening tool to assess knee valgus motion
using a dichotomous rating of knee valgus (knee-over-foot or knee-medial-to-foot) however the
authors used a single-leg squat as the task, and the raters observed the subjects in real-time as
opposed to viewing video recordings. Concurrent validity was assessed using both twodimensional and three-dimensional video analysis. Their results revealed good interrater
reliability (κ=0.92). They also established that subjects with significantly greater twodimensional knee valgus were correctly identified as having a knee-medial-to-foot position
which provides good evidence of concurrent validity of the screening test. This study
established that the use of real-time observation of a single-leg squat is a feasible way to assess
lower extremity movement quality. However, it does not provide evidence of observers being
able to detect specific ranges of motion considered to be high risk for knee injury since the
ratings were descriptions of movement rather than ratings of actual degrees.
Stensrud et al. (2011) studied one clinician rater’s ability to rate lower extremity movement
quality during three tasks: a single-leg squat, single-leg drop jump, and double-leg drop jump.
The assessment tool required the rater to score the subjects performance on each task as “good”,
“reduced”, or “poor” based on observation of pelvic tilt and valgus knee position. The results
revealed good intrarater reliability (κ=0.89-0.95). Concurrent validity using both twodimensional video analysis revealed that each rating correlated to significantly different twodimensional knee valgus measures for the single-leg squat and the double-leg vertical-drop jump.
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Additionally, the authors reported poor agreement (κ=0.04-0.17) between the single-leg squat
and the vertical drop-jump which suggests that subjects who demonstrated poor or reduced
performance during one task were different from those who demonstrated poor or reduced
performance during a different task. The difference in performance based on task provides some
evidence that more than one type of screening task should be considered when screening for
lower extremity movement quality.
Jones et al. (2014) sought to identify whether observational ratings of frontal plane knee
valgus motion during a step-down task differed from two-dimensional and three-dimensional
motion analysis techniques. A clinician observer reviewed two-dimensional video recordings of
subjects completing the step-down task and scored the subjects as “good”, meaning the tibial
tuberosity did not move medial to the second toe, “fair” meaning the tibial tuberosity moved
medial to the second toe, but not medial to the foot, and “poor” meaning the tibial tuberosity
crossed beyond the medial border of the foot. The results of this study revealed moderate
interrater reliability (κ=0.62) for the observer ratings. Additionally, the measures of twodimensional frontal plane knee valgus within each observational category were significantly
different from one another suggesting that observational ratings of frontal plane knee valgus
during a step-down task may be used as an alternative to measuring two-dimensional frontal
plane knee valgus. However, this method still requires the use of video recording and
subsequent review of the videos, which may be a barrier for use in a clinical setting.
Additionally, while this study provides evidence that observational ratings can detect differences
in frontal plane knee valgus, it is unknown whether the categorical ratings correlate with actual
ranges of motion considered to put individuals at risk of knee injury.
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Summary: Movement Screening
The review of literature on movement screening suggests three primary themes:
1. The single-leg squat, single-leg step down, and drop-landing tasks are frequently used
tasks for screening due to their common use in clinical practice.
2. Knee joint kinematics associated with greater risk of injury, such as increased knee
valgus and decreased knee flexion during landing, can be identified using threedimensional motion analysis and two-dimensional video analysis.
3. There is evidence that using various screening tools for rating lower extremity movement
quality demonstrate good interrater reliability and concurrent validity.
However, there are limitations that must still be addressed. The use of three-dimensional
motion analysis or video recording is time-consuming and can be expensive, and therefore do not
translate well to a clinical environment. Of the studies reviewed, Ageberg et al. (2010) was the
only one to use real-time observational movement screening. While the results of that study
were promising in terms of being able to reliably assess movement quality during real-time
observation, the study highlights a second limitation seen in each of the reviewed studies: they
all incorporated rating tools that identified movement patterns that appear harmful, however they
lacked a quantitative component that attributed those movement patterns to joint-specific ranges
identified in prospective studies associated with greater risk of injury (M. C. Boling et al., 2009;
Ekegren et al., 2009; Holden et al., 2017).
Literature Gap
To the best of our knowledge, no studies have examined the reliability and validity of realtime observation using a screening tool to evaluate lower extremity movement quality and
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incorporates specifically identified lower extremity kinematics identified as high risk and/or are
predictive of patellofemoral pain.
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Chapter III
METHODS
Institutional Review Board
As a doctoral student at Seton Hall University Department of Interprofessional Health
Sciences and Health Administration, the primary Institutional Review Board review and
approval was conducted by the Saint Michael’s Medical Center Institutional Review Board,
Seton Hall University’s partner. See Appendix A for a copy of this approval. Subject
recruitment and data collection for this study took place at Boston University, and thus approval
from the Boston University Institutional Review Board was also secured.
Study Design
A quantitative methodological approach with a correlational design was used for this study
since the outcomes of interest were: 1) interrater reliability, and 2) concurrent validity, of athletic
trainers using a tool to rate subjects’ lower extremity movement quality during three activities.
Subject Recruitment
Subjects were recruited from the College of Health and Rehabilitation Sciences: Sargent
College at Boston University; the Ryan Center for Sports Medicine and Rehabilitation at Boston
University; the athletic training clinics at Boston University; and the Zesiger Center athletic
training clinic at Massachusetts Institute of Technology. Permission to place flyers and recruit
potential participants was granted from the department heads of each location. Colleagues of the
principal investigator also identified potential participants via word of mouth. Recruitment
materials were provided to these colleagues to provide to any individuals they encountered who
fit the profile of potential participants. The primary investigator conducted a pre-screening
phone interview with interested potential participants to determine their eligibility for
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participation in the study. If any of the exclusion criteria were identified during the interview,
the potential subject was informed she was not eligible to participate and thanked for her time.
Eligible potential subjects who met all inclusion criteria were told they were eligible to
participate at the conclusion of the phone interview and given the option to schedule an
appointment to continue to the in-person portion of the study.
Subjects Inclusion Criteria
Inclusion criteria for the subjects were based on previous studies of individuals with and
without patellofemoral pain (Willson et al., 2008; Willson & Davis, 2008):
•

females with or without anterior knee pain aged 18 to 35

•

minimum score of 5/10 on the Tegner activity level scale (Briggs et al., 2009), indicating
regular participation in recreational sports requiring running, twisting and turning

Subjects Exclusion Criteria
Criteria used to exclude subjects based on previous studies of individuals with and without
patellofemoral pain (Souza & Powers, 2009; Willson et al., 2008; Willson & Davis, 2008):
•

pregnancy

•

previous knee surgery

•

self-reported history of any significant knee injury that affected the stability of the knee

•

self-reported history of a patellar dislocation

•

self-reported neurologic condition affecting their gait

•

self-reported history of hip surgery or significant hip injury

•

self-reported history of ankle surgery or significant ankle injury

•

self-reported history of low back injury.
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Rater Recruitment
Raters were recruited via word of mouth via the athletic training clinic at Boston University.
Rater Inclusion Criteria
Inclusion criteria for the raters were based on previous studies using clinicians to rate lower
extremity movement patterns (Ekegren et al., 2009):
•

minimum of five years of experience working as an athletic trainer in a setting with a
high volume of patients with orthopedic conditions

Rater Exclusion Criteria
Raters were excluded from the study if they:
•

had fewer than five years of experience

•

had a specialty outside of orthopedics

Consent
Prior to any data collection, the primary investigator (PI) described the nature of the research
project to all potential subjects, including their right to refuse or withdraw from the participation
at any point in time during the study. Those who wished to participate reviewed and signed two
informed consent forms, one approved by the Saint Michael’s Medical Center IRB (Seton Hall
University health partner), and one approved by the Boston University IRB.
Study Procedures
Movement quality screening tool development
Lower extremity movement quality was evaluated using a tool developed by the primary
investigator. Previous studies have examined the reliability and validity of assessment tools used
evaluate lower extremity movement during various lower extremity tasks. The tools used in
many of these studies used descriptions of movement quality (e.g., a rating of “poor” was given

30
if the patella moved inward beyond the medial border of the foot) (Chmielewski et al., 2007;
Jones et al., 2014; Stensrud et al., 2011). Descriptions of movement quality can be useful in
identifying movement patterns that appear harmful, but they a lack quantitative component to
allow a better understanding of whether the movement patterns being evaluated can be attributed
to joint-specific ranges known to be associated with greater risk of injury.
The purpose of this study was to explore the interrater reliability and concurrent validity of
the real-time visual observation of the single-leg squat, single-leg step down, and single-leg drop
landing by athletic trainers to evaluate lower extremity movement quality related to functional
activities that may predispose to knee dysfunction. The tool developed for this study is based on
the work of Boling et al. (2009), Devita & Skelly (1992) and Ekegren et al. (2009). Both
Ekegren et al. (2009) and Boling et al. (2009) examined landing kinematics in females and
identified specific knee angles that were considered to put individuals at risk of knee injury.
Ekegren et al. (2009) identified 10.83 degrees of frontal plane knee valgus as the most sensitive
cutoff point between what they deemed “high risk” and “low risk” movement patterns of their
subjects during a jump-landing task. Therefore, we developed the following categories for
evaluating frontal plane knee valgus during the single-leg step-down and single-leg squat tasks in
our study: Good = 0.1-5 degrees frontal plane knee valgus; Fair = 5.1-10 degrees frontal plane
knee valgus; Poor = 10.1-15 degrees frontal plane knee valgus; Very Poor: 15.1-20 degrees
frontal plane knee valgus. We incorporated the cutoff point of 10.83 degrees identified by
Ekegren et al. (2009) at the low end of our “Poor” category since that would be the minimum
measurement considered to put an individual at risk of injury and therefore left room for the
“very poor” rating. Figure 3 illustrates the scoring instructions for the single-leg squat and
single-leg step down tasks that was provided to the raters.
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Figure 3
Screening tool scoring instructions for the single-leg squat and single-leg step down.

Devita & Skelly (1992) found that when landing from a jump, females demonstrated a more
upright or “stiff” landing posture. M. C. Boling et al. (2009) furthered this work in their
prospective study of risk factors for developing patellofemoral pain and found that during a
jump-landing task, subjects who landed with 63.2 degrees of knee flexion (the 10th percentile)
had a 3.1 times greater risk of developing patellofemoral pain than those who landed with 99.5
degrees knee flexion (the 90th percentile). Therefore, we developed the following categories for
evaluating sagittal plane knee flexion during the single-leg drop landing: Good: 90.1-100 degrees
of sagittal knee flexion; Fair = 80.1-90 degrees of sagittal knee flexion; Poor = 70.1-80 degrees
of sagittal knee flexion; Very poor = 60.1-70 degrees of sagittal knee flexion. These categories
captured the range of motion for those at higher risk of developing patellofemoral pain (63.2
degrees) in the “very poor” category and the range of motion for those with less risk (99.5
degrees) in the “good” category. Figure 4 illustrates the scoring instructions for the single-leg
drop landing task that was provided to the raters.
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Figure 4
Screening tool scoring instructions for the single-leg squat and single-leg drop landing task.

Content Validity: Movement quality screening tool
Since this was a novel tool, and at the time of its development there were no known tools that
incorporated specific ranges of motion into their design for comparison, it was necessary to
establish a degree of validity evidence prior to using the tool for the study (Cook & Beckman,
2006; Portney & Watkins, 2013). Once the tool was developed, three athletic trainer reviewers
with at least 5 years of experience (range 5 years 3 months - 14 years 2 months) working in the
college/university setting with a high volume of patients with orthopedic conditions reviewed the
tool and appraised it for content validity. The clinician raters who would be using the tool in the
study were not permitted to participate as tool reviewers to avoid any potential bias. The athletic
trainer reviewers were asked to score the tool by responding with “Strongly Agree, Somewhat
Agree, Neither Agree nor Disagree, Somewhat Disagree, or Strongly Disagree” to the following
three statements: 1) This tool is suitable for its intended purpose of assessing an individual’s
lower extremity movement quality during a single-leg step-down; 2) This tool is suitable for its
intended purpose of assessing an individual’s lower extremity movement quality during a single-
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leg squat; 3) This tool is suitable for its intended purpose of assessing an individual’s lower
extremity movement quality during a single-leg drop landing.
Clinician Rater Preparation
Prior to any data collection, the two clinician raters met to review and familiarize themselves
with the screening tool instructions and to discuss any questions they had. Next, they looked at
still images depicting the observer-view of a sample subject completing the single-leg squat and
single-leg drop landing tasks. The images were overlaid with visual cues showing how to apply
the screening tool based on the position of the subject’s knee in relation to the foot. Finally, they
practiced using the tool in real-time during a trial-run data collection.
Motion Capture System Calibration
The motion capture system was calibrated at the beginning of all data collection sessions
(prior to the arrival of any subjects) according to the Vicon Nexus software instructions.
Calibration was completed using the Vicon Active Wand (Vicon Motion Systems Ltd.,
Centennial, CO) to define each camera’s capture volume. The calibration process involved the
PI moving throughout the data collection space in the lab while waiving the wand around in all
directions until the capture volume of each camera is defined. Calibration was successful if each
camera was determined to have less than 0.15 mm residual error. Finally, the Vicon Active
Wand was used to define the lab coordinate system by placing it on the floor in the location that
subjects would complete the study activities.
Subject Intake
After consenting to participate, subjects were asked to wear sneakers and dark-colored
spandex-type athletic shorts and shirt. Subjects who identified having anterior knee pain (as
identified via the phone questionnaire) underwent a brief physical examination by the primary

34
investigator. The examination included palpation on and around the patella to verify that they
had vague or localized pain located around the patellofemoral articulation. All subjects then
completed the knee pain questionnaire & intake form and the Tegner activity level scale. All
forms were coded with a unique subject number. Next, the subject’s height (cm), weight (kg)
and leg length (cm) were measured and recorded on the knee pain questionnaire & intake form.
Height was measured by asking participants to stand with their heels and back against a wall that
was marked in ½ centimeter increments. A standard digital scale was used to measure weight.
Subjects were then asked to lay supine on an examination table to measure their length from the
anterior superior iliac spine to the distal aspect of the medial malleolus using a standard tape
measure.
Subject Preparation
To create local and segment coordinate systems for motion analysis, forty-two spherical
plastic retroreflective markers (14mm diameter) were fixed to the subject’s skin or clothing using
double sided tape at the following locations: right and left acromion processes, xyphoid process,
mid-point of the spine of the right scapula, right and left iliac crest, right and left anterior
superior iliac spines, sacrum midway between the posterior superior iliac spines, the spinous
process of the 7th cervical vertebrae, right and left greater trochanter, right and left medial
epicondyle of the knee, right and left lateral epicondyle of the knee, right and left medial
malleolus, right and left lateral malleolus, posterior aspect of the right and left calcanei, right and
left first metatarsal heads, and left and right 5th metatarsal heads. Plastic shells containing four,
non-collinear markers were attached to the lateral aspect of each thigh and the lateral aspect of
each low leg using flexible self-adhesive wrap (Andover ® Powerflex).
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Motion capture system
Three-dimensional kinematic data of the subjects completing the three tasks were recorded at
100 Hz using ten Vicon MX-T20 cameras (Vicon Motion Systems Ltd., Centennial, CO) that
were arranged in fixed locations around the lab.
Static Calibration Trial
A static calibration trial was performed. Subjects were instructed to stand with their feet
shoulder width apart and shoulders abducted to approximately 90 degrees while the 2-second
trial was recorded. The trial was saved using the subject’s unique subject number to be used
later to create a digital model of the subject. After the static trial, the markers over the medial
epicondyle of the knees and medial malleolus of the ankles were removed to avoid them
interfering with the subject’s movement during testing.
Data Collection
Subjects completed five trials each of three different tasks: a single-leg squat, a single-leg
step-down, and a single-leg drop landing. Kinematic motion analysis data were collected during
each trial. Simultaneously, two licensed athletic trainers observed and used the screening tool
developed by the primary investigator to evaluate the subject’s performance of each task. The
order of task completion was randomized by task (squat, step-down, jump-landing) and side
(right leg or left leg). The primary investigator read standard instructions to the subjects
immediately preceding each task. Subjects were allowed as many practice trials as needed until
they demonstrated the task correctly and felt comfortable performing it. A minimum two-minute
rest period was given after the practice trials, but subjects were allowed as much rest as the felt
they needed before beginning the real trials.
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Single-leg squat. Subjects completed five trials per leg of the single-leg squat in the manner
described by Dwyer et al. (2010). Subjects began in a neutral position of the trunk and stance
leg with the contralateral hip flexed slightly and the knee flexed to approximately 45 degrees.
Subjects were instructed to squat down as far as possible at a self-selected pace and then return
to the starting position without losing their balance. They were instructed to avoid contact
between their stance leg and non-stance leg, and to avoid touching their non-stance foot to the
floor. If a subject’s foot touched the floor, or touched legs together, the data were discarded, and
the trial was repeated. Subjects rested for a minimum of two minutes between trials, or for as
long as they felt they needed to. Figure 5 shows a subject performing the single-leg squat task.
Figure 5
Example of a subject completing the single-leg squat task.

Photo credit: Chad Clements
The clinician observers rated the quality of the subject’s movement after completion of the
five trials for each leg. They used the following criteria to evaluate the subject’s performance of
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the single-leg squat: Good = 0.1-5 degrees frontal plane knee valgus; Fair = 5.1-10 degrees
frontal plane knee valgus; Poor = 10.1-15 degrees frontal plane knee valgus; Very Poor: 15.1-20
degrees frontal plane knee valgus. These values were based on the work of Ekegren et al. (2009)
who identified 10.83 degrees of frontal plane knee valgus as the most sensitive cutoff point
between what they deemed “high risk” and “low risk” movement patterns of their subjects during
a jump-landing task.
Single-leg step down. The single-leg step down was completed in the manner described by
Souza & Powers (2009) in which they lowered themselves from a 7.9 inch high box over two
seconds, touched their heel to the ground and then returned to the starting position over another
two seconds. A metronome was set to 60 beats/minute to assist subjects with the timing of the
task. If subjects did not touch their heel to the ground the data were discarded and the trial was
repeated. Figure 6 shows a subject completing the single-leg step down task.
Figure 6
Example of a subject completing the single-leg step down task.

Photo Credit: Chad Clements
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The clinician observers rated the quality of the subject’s movement after completion of the
five trials for each leg. They used the following criteria to evaluate the subject’s performance of
the single-leg step down: Good = 0.1-5 degrees frontal plane knee valgus; Fair = 5.1-10 degrees
frontal plane knee valgus; Poor = 10.1-15 degrees frontal plane knee valgus; Very poor: 15.1-20
degrees frontal plane knee valgus (Ekegren et al., 2009).
Single-leg drop landing. The single-leg drop landing was completed in the manner described
by Stensrud et al. (2011) in which they stepped off a 7.9 inch high box to a point on the floor
marked at 50% of the subject’s leg length before immediately jumping straight up again. If the
subject jumped off the box instead of dropping or if the other leg touched the ground, the data
were discarded, and the trial was repeated. Figure 7 shows a subject completing the single-leg
drop landing task.
Figure 7
Example of a subject completing the single-leg drop landing task.

Photo Credit: Chad Clements
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The clinician observers rated the quality of the subject’s movement after completion of the
five trials for each leg. Clinicians used the following criteria to evaluate the subject’s
performance of the single-leg drop landing: Good: 90.1-100 degrees of sagittal knee flexion; Fair
= 80.1-90 degrees of sagittal knee flexion; Poor = 70.1-80 degrees of sagittal knee flexion; Very
poor = 60.1-70 degrees of sagittal knee flexion. Assessing sagittal plane knee motion during this
task was selected because previous studies have identified that individuals with “stiff” landing
posture have decreased knee flexion angles when landing from a jump (Devita & Skelly, 1992)
and this “stiff” position was predictive of the development of patellofemoral pain (Boling et al.,
2009).
Data Processing
Kinematic marker data were labeled and digitized using Vicon Nexus (Version 1.8.5). A
spline fill was applied to automatically fill any gaps in marker tracking that were fewer than 10
frames. For or any gaps greater than 10 frames, markers were manually tracked frame-by-frame
and trajectory matching was used to complete the digitization process most accurately. All data
were then exported and processed in Visual 3D (C-Motion, Inc., Germantown, MD). A lowpass, fourth-order Butterworth filter with a cutoff frequency of 6 Hz was used to filter marker
trajectories.
Next, the labeled marker set from each subject’s static calibration trial, and each subject’s
height and weight measurements, were used to define joint centers and segment lengths to create
rigid body segments (i.e., femur, tibia, foot) and construct a subject-specific biomechanical
model in Visual 3D. A quality check was then performed by viewing each trial to look for and
correct any inconsistencies in the models, such as misaligned or rotated body segments that were
the result of incorrectly labeled markers. Marker data were re-processed in Nexus and re-
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imported to Visual 3D in case of such errors. Kinematic knee joint data were then calculated
using a right-handed Cardan X-Y-Z coordinate system (X = mediolateral; Y = anteroposterior; Z
= vertical) and graphed for all trials. Graphs were manually labeled with start/stop events to
identify the beginning and end of each task. This step was particularly important for the jumpland task since, in some cases, subjects had greater knee flexion angles during their preparation
to step off the box than they did during the landing component, which was the point in the task
we were interested in. Adding a start event at the point just before the subject’s stance leg left
the box ensured that the maximum knee flexion angle that occurred during landing was used in
the analysis. Next, peak knee angles were calculated for each trial using the X-plane (sagittal)
during the jump-landing trials and in the Y-plane (frontal) during the step-down and squat trials.
For the jump-landing trials, peak sagittal plane knee flexion angle was defined as the greatest
degree of knee flexion that occurred between the point at which the subject’s stance foot left the
box and the point at which the subject’s landing foot left the ground prior to jumping back up
after landing from the box. For the squat trials, peak frontal plane knee valgus angle was
defined as the greatest degree of frontal plane knee valgus that occurred at any point during the
task. For the step-down trials peak frontal plane knee valgus angle was defined as the greatest
degree of frontal plane knee valgus that occurred between the point at which the subject’s nonstance foot left the box and the point at which the subject’s non-stance foot returned to the box.
These data were then exported to a spreadsheet for analysis.
The clinician raters based their ratings of each subject’s performance on their observation of
all five trials of each task. This approach is consistent with how a patient’s lower extremity
movement would be assessed clinically, with the clinician observing the patient perform a task a
few times to get an overall idea of the patient’s movement tendencies. Therefore, the mean of
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the peak knee angles calculated from the motion analysis across all five trials for each subject
was used for data analysis of each task.
To prepare the data for analysis, the peak knee angle means, and the raters’ ratings, were
converted to numerical codes. The means were coded as follows: for the single-leg squat and
single-leg step down, mean peak frontal plane knee angles in the range 0.1-5 degrees were
classified as good and given a code of 4; mean peak frontal plane knee angles in the range 5.110 degrees were classified as fair and given a code of 3; mean peak frontal plane knee angles in
the range from 10.1-15 degrees were classified as poor and given a code of 2, and mean peak
frontal plane knee angles in the range 15.1-20 degrees were classified as very poor and given a
code of 1. For the single-leg drop landing, mean peak sagittal plane knee angles in the range
90.1-100 degrees were classified as good and given a code of 4; mean peak sagittal plane knee
angles in the range 80.1-90 degrees were classified as fair and given a code of 3; mean peak
sagittal plane knee angles in the range 70.1-80 degrees were classified as poor and given a code
of 2; and mean peak sagittal plane knee angles in the range 60.1-70 were classified as very poor
and given a code of 1. Finally, the ratings from the clinician raters for each trial were coded as
follows: all ratings of good were coded as 4; all ratings of fair were coded as 3; all ratings of
poor were coded as 2; and all ratings of very poor were coded as 1. All coded data were then
used for data analysis.
Independent variables
1. Task (single-leg squat, single-leg step down, single-leg drop landing)
Dependent variables
1. Frontal plane knee angle (degrees) for single-leg squat and single-leg step down
2. Sagittal plan knee angle (degrees) for single-leg drop landing
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3. Clinician-rated movement quality scores (4 = good, 3 = fair, 2 = poor, 1 = very poor)
Statistical Analysis
Descriptive statistics were calculated for:
•

age

•

height

•

weight

•

Tegner Activity Score

•

knee pain scores for subjects with knee pain

•

rater’s scores

IBM SPSS Statistics for Windows, version 28 (IBM Corp., Armonk, N.Y., USA) was used to
analyze the data. The Mann-Whitney U test was used to assess whether there were differences in
between-group distribution for height, weight, Tegner Activity Score, and pain scores. The
Mann Whitney U was chosen because it is a nonparametric test used to compare two
independent groups, particularly when it is unclear if the data are normally distributed, as was
the case given the small sample size (n=12) (Portney and Watkins, 2009).
Percent agreement was calculated from crosstabulation tables of the raters’ scores for each
task as a general measure of interrater agreement for each task. Subsequently, Spearman’s rankorder correlation was used to as a measure of interrater reliability of the clinician rater’s scores.
Spearman’s rank-order correlation was also used as a measure of the concurrent validity of the
kinematic data from motion analysis and the raters’ scores. The Spearman’s rank order
correlation was chosen because the data were ordinal (Portney & Watkins, 2013).
In addition to calculating the correlation coefficient and level of significance, it is also
important to include a predefined set of values to provide more context to the interpretation of
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the results of the Spearman correlation coefficients. Table 1 lists the predefined values that were
used to interpret the results of the Spearman’s rank-order correlation coefficients (Dancey &
Reidy, 2004).
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Table 1
Interpretation of Spearman Rank-Order Correlation Coefficients.
Value of Correlation
Coefficient

Strength of Relationship

0.01-0.19

No or negligible relationship

0.20-0.29

Weak relationship

0.30-0.39

Moderate relationship

0.40-0.69

Strong relationship

0.70

Very strong relationship

Note: Descriptors apply to both positive and negative correlation coefficients.
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Chapter IV
RESULTS
This study aimed to explore the inter-rater reliability and concurrent validity of the real-time
visual observation of the single-leg squat, single-leg step down, and single-leg drop landing by
athletic trainers to evaluate lower extremity movement quality related to functional activities that
may predispose to knee dysfunction.
Subject Characteristics
Twelve subjects volunteered to participate in the study – ten without anterior knee pain and
two with anterior knee pain. Descriptive data (age, height, weight, and Tegner Activity Score)
and Mann-Whitney U results for the 12 female subjects are listed in Table 2.
Table 2
Subject characteristics and Mann-Whitney U.
Without Knee Pain
(n=10)
Mean
SD

With Knee Pain
(n=2)
Mean
SD

Age (years)

26.60

3.57

20.50

Height (cm)

167.60

5.30

Weight (kg)

64.04

Tegner
Activity Score

5.40

Mann-Whitney U
U

p

2.12

0.5

0.03

167.00

2.83

9.5

0.91

7.73

51.90

4.24

1

0.06

0.70

6.00

1.41

13

0.61

There were no comparisons made between subjects with and without knee pain for any portions
of the study. However, there were in fact subjects with and without knee pain, so the identifying
if any differences in distribution of subject characteristics existed seemed prudent.
Mann-Whitney U tests were used to assess whether the characteristics of the subjects without
knee pain and those with knee pain were distributed equally. Results of the Mann-Whitney U
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tests revealed no statistically significant differences between group distributions for height (U =
9.5, p = 0.91), weight (U = 1, p = 0.06), or Tegner Activity Scale ratings (U = 13, p = 0.61).
Conversely, results revealed that, compared to subjects without knee pain, subjects with knee
pain were significantly younger (U = 0.5, p = 0.03)
Pain Scores
Two subjects identified having anterior knee pain during the phone questionnaire and on the
knee pain questionnaire and intake form. Table 3 lists the mean and standard deviations for the
pain scores for the subjects who had knee pain.
Table 3
Pain scores for subjects who identified anterior knee pain.
Mean

Standard Deviation

Pain with stair walking

4.50

2.12

Pain with squatting

5.00

1.41

Pain with kneeling

6.00

1.41

Pain after sitting

6.00

1.41

Pain with quad contraction

0.00

0.00

Note. Pain scores were rated on a scale of 0 (no pain) to 10 (pain as bad as it could be).
Screening Tool Content Validity
A screening tool was developed by the primary investigator for use in this study. To assess
content validity of the tool, three athletic trainer reviewers with at least 5 years of experience
(range 5 years 3 months - 14 years 2 months) working in the college/university setting with a
high volume of patients with orthopedic conditions reviewed the tool and appraised it for content
validity. All three reviewers selected “strongly agree” when responding to the statements: “This
tool is suitable for its intended purpose of assessing an individual’s lower extremity movement
quality during a single-leg step-down”, and “This tool is suitable for its intended purpose of
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assessing an individual’s lower extremity movement quality during a single-leg squat”. For the
statement: “This tool is suitable for its intended purpose of assessing an individual’s lower
extremity movement quality during a single-leg jump landing”, one reviewer selected “strongly
agree” and two reviewers selected “somewhat agree”. Since there were no responses of “Neither
Agree nor Disagree”, “Somewhat Disagree”, or “Strongly Disagree” for any of the questions, the
tool was considered to have acceptable content validity and was used for the study. Figure 3
shows the results of the screening tool content validity survey.
Figure 8
Results of the screening tool content validity survey.
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Clinician Ratings
Table 4 illustrates the distribution of the clinician raters’ scores for each task. Rater 1 rated
subjects as “very poor” 2.7% of the time, “poor” 5.5% of the time, “fair” 41.7% of the time, and
“good” 50% of the time. Rater 2 rated subjects as “very poor” 4.2% of the time, “poor” 9.7% of
the time, “fair” 45.8% of the time, and “good” 40.3% of the time.
Table 4
Frequency distribution of clinician raters’ ratings.

Rater 1

Jump

Very Poor
2

Poor
2

Fair
16

Good
4

Squat

0

1

9

14

Step

0

1

5

18

2

4

30

36

Jump

3

2

13

6

Squat

0

5

11

8

Step

0

0

9

15

3

7

33

29

Total

Rater 2

Total

Interrater Reliability
The crosstabulation data, used to calculate percent agreement, are presented below for rater 1
vs. rater 2 for the single-leg drop landing (Table 5), rater 1 vs. rater 2 for the single-leg squat
(Table 6), and rater 1 vs. rater 2 for the single-leg step down (Table 7).
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Table 5
Crosstabulation for Rater 1 vs. Rater 2 for the single-leg drop landing.

Very Poor

Rater 1

Very Poor
2

Rater 2
Poor
Fair
0
0

Good
0

Total
2

Poor

0

1

1

0

2

Fair

1

1

9

5

16

Good

0

0

3

1

4

Total

3

2

13

6

24

Good
0

Total
0

Table 6
Crosstabulation for Rater 1 vs. Rater 2 for the single-leg squat.

Very Poor

Rater 1

Very Poor
0

Rater 2
Poor
Fair
0
0

Poor

0

1

0

0

1

Fair

0

3

6

0

9

Good

0

1

5

8

14

Total

0

5

11

8

24

Good
0

Total
0

Table 7
Crosstabulation for Rater 1 vs. Rater 2 for the single-leg step down.

Very Poor

Rater 1

Very Poor
0

Rater 2
Poor
Fair
0
0

Poor

0

0

0

1

1

Fair

0

0

4

1

5

Good

0

0

5

13

18

Total

0

0

9

15

24
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Percent agreement between raters for each task are presented in Table 8. The raters had a
54.2% agreement for the single-leg drop landing, a 62.5% agreement for the single-leg squat, and
a 70.8% agreement for the single-leg step down.
Table 8
Percent Agreement (Rater 1 vs. Rater 2).
Task
Single-leg drop landing

Percent Agreement
54.2%

Single-leg squat

62.5%

Single-leg step down

70.8%

Figure 4, Figure 5, and Figure 6 provide a graphic representation of the scores for rater 1 and
rater 2 for the single-leg drop landing, single-leg squat, and single-leg step down respectively.
Green dots indicate that the raters agreed with each other on the rating, yellow dots indicate that
the raters were one category away from each other on the rating, and red dots indicate that the
raters were two or more categories away from each other.
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Figure 9
Scatterplot representation of the scores for rater 1 and rater 2 for the single-leg drop landing

Fair
80.1°-90°
Poor
70.1°-80°
Very poor
60.1°-70°

Rater 2

Good
90.1°-100°

task.

Very poor
60.1°-70°

Poor
70.1°-80°

Fair
80.1°-90°

Rater 1

Good
90.1°-100°
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Figure 10

Fair
5.1°-10°
Poor
10.1°-15°
Very poor
15.1°-20°

Rater 2

Good
0.1°-5°

Scatterplot representation of the scores for rater 1 and rater 2 for the single-leg squat task.

Very poor
15.1°-20°

Poor
10.1°-15°

Fair
5.1°-10°

Rater 1

Good
0.1°-5°
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Figure 11

Fair
5.1°-10°
Poor
10.1°-15°
Very poor
15.1°-20°

Rater 2

Good
0.1°-5°

Scatterplot representation of the scores for rater 1 and rater 2 for the single-leg step down task.

Very poor
15.1°-20°

Poor
10.1°-15°

Fair
5.1°-10°

Good
0.1°-5°

Rater 1
Interrater reliability data are presented in Table 9. To determine interrater reliability, a
Spearman’s rank-order correlation was run to determine the relationship between the scores for
rater 1 and rater 2. There was a strong, positive correlation between the scores for the single-leg
drop landing, which was statistically significant (rs(22) = .44, p = 0.032). There was a strong,
positive correlation between the scores for the single-leg squat, which was statistically
significant (rs(22) = .64, p = 0.001). There was a moderate, positive correlation between the
scores for the single-leg step-down, which was not statistically significant (rs(22) = .31, p =
0.137).
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Table 9
Spearman’s correlation coefficients and p-values for the interrater reliability of each task.
Spearman’s Correlation
Coefficient
.44

0.032*

Single-leg squat

.64

0.001*

Single-leg step-down

.31

0.137

Task
Single-leg drop landing

p

Note: * = Significant correlation
Concurrent Validity
Figure 7, Figure 8, and Figure 9 provide a graphic representation of the mean scores of rater
1 and rater 2 compared to the motion analysis data for the single-leg drop landing, single-leg
squat, and single-leg step down respectively. Green dots indicate that the raters correctly
identified the knee joint motion as measured by motion analysis, yellow dots indicate that the
raters were 0.5-1 category away from the actual knee joint motion as measured by motion
analysis, and red dots indicate that the raters were 1.5 or more categories away from the actual
knee joint motion as measured by motion analysis. Note that on Figure 7 the “X” on the y-axis
represents when motion analysis knee angle measurement was below the lowest knee angle
range for a “very poor” classification based on the assessment tool categories.
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Figure 12
Scatterplot representation of the mean scores for rater 1 and rater 2 compared to the actual knee

Fair
Good
80.1°-90° 90.1°-100°
Very poor
Poor
60.1°-70° 70.1°-80°
X
<60°

Motion Analysis

joint motion as measured by motion analysis for the single-leg drop landing task.

0
<60°

1
60.1°-70°

2
70.1°-80°

3
80.1°-90°

Mean Scores: Rater 1& Rater 2

4
90.1°-100°
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Figure 13
Scatterplot representation of the mean scores for rater 1 and rater 2 compared to the actual knee

Fair
5.1°-10°
Poor
10.1°-15°
Very poor
15.1°-20°

Motion Analysis

Good
0.1°-5°

joint motion as measured by motion analysis for the single-leg squat task.

1
15.1°-20°

2
10.1°-15°

3
5.1°-10°

Mean Scores Rater 1 & Rater 2

4
0.1°-5°

57
Figure 14
Scatterplot representation of the mean scores for rater 1 and rater 2 compared to the actual knee

Fair
5.1°-10°
Poor
10.1°-15°
Very poor
15.1°-20°

Motion Analysis

Good
0.1°-5°

joint motion as measured by motion analysis for the single-leg step down task.

1
15.1°-20°

2
10.1°-15°

3
5.1°-10°

4
0.1°-5°

Mean Scores: Rater 1 & Rater 2
Concurrent validity data are presented in Table 10. To determine concurrent validity, a
Spearman’s rank-order correlation was run to determine the relationship between the rater’s
mean scores and the gold standard motion analysis data. There was a strong, positive correlation
between the scores for the single-leg drop landing, which was statistically significant (rs(22)
= .53, p = 0.008). There was a strong, negative correlation between the scores for the single-leg
squat, which was statistically significant (rs(22) = -.48, p = 0.018). There was a weak, positive
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correlation between the scores for the single-leg step-down, which was not statistically
significant (rs(22) = .28, p = 0.186).
Table 10
Spearman’s correlation coefficients and p-values for the concurrent validity of each task.
Task

Spearman’s Correlation

p

Coefficient
Single-leg drop landing

.53

0.008*

Single-leg squat

-.48

0.018*

Single-leg step-down

.28

0.186

Note: * = Significant correlation
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Chapter V
DISCUSSION & CONCLUSIONS
Subject Characteristics
Neither clinician observer ratings of subjects’ movement quality, nor kinematic motion
analysis data were compared between subjects with knee pain and subjects without knee pain due
to low subject enrollment in the study. Nonetheless, there were two groups of subjects enrolled:
2 subjects with knee pain and 10 subjects without knee pain. Therefore, it seemed important to
identify if any differences in distribution of subject characteristics existed and to provide an
explanation about any differences.
The between-group age difference (the subjects without knee pain were older than the
subjects with knee pain) may be explained by the recruiting efforts. Subjects without knee pain
tended to be graduate students who were familiar with the primary investigator as a faculty
member and who responded to fliers in the building in which the primary investigator worked
and in which the study was conducted. Conversely, subjects who had knee pain tended to be
individuals participating on National Collegiate Athletic Association intercollegiate teams, and
were therefore undergraduate students, who responded to fliers in an on-campus clinic where
they sought care for their health conditions. Additionally, some authors have identified that knee
pain more commonly affects younger female populations (Barber Foss et al., 2012; Crossley et
al., 2016), which may also provide insight to the difference in age. Finally, it is plausible that
there would have been a wider age range in the group of subjects with knee pain if there were
more subjects enrolled in it, making a between-group difference less likely.
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Interrater reliability & Concurrent Validity
Athletic trainers are leaders in injury prevention (AT each moment, n.d.; Board of
Certification Standards of Professional Practice, 2021), and this study sought to capitalize on
that by examining the interrater reliability and concurrent validity of the real-time visual
observation of three commonly used tasks to evaluate lower extremity movement quality related
to functional activities that may predispose to knee dysfunction. The single-leg drop landing,
single-leg squat, and single-leg step down are commonly used tasks for clinically screening
individuals’ lower extremity movement quality. However, previous studies using these tasks
have used expensive and time-consuming procedures such as three-dimensional motion analysis.
This study sought to replace those procedures with real time observation, which is less expensive
and more efficient, and could therefore be used in a clinical setting. Additionally, we want to
build on tools that use only descriptions of movement quality (Chmielewski et al., 2007; Jones et
al., 2014; Stensrud et al., 2011) and incorporate known, quantifiable risk factors identified in
prospective research. We sought to do that with the new tool developed by the primary
investigator.
Interrater reliability
There was a strong, positive, significant correlation between raters for the single-leg drop
landing and the single-leg squat, and a moderate, positive correlation between raters for the
single-leg step-down, which was not statistically significant. Based on these results, we rejected
H01 and H02 and failed to reject H03. These results suggest that the single-leg drop landing and
the single-leg squat have acceptable interrater reliability, but that the single leg step down did
not.
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Some variables that may have affected the results of the interrater reliability include: 1) the
number of categories the raters were required to use for rating movement quality, 2) the discrete
differentiation among the categories, and 3) observer training.
Interrater reliability is affected by the number categories under observation, and the amount
of differentiation among them. In instances where there are fewer and highly differentiated
categories, for example identifying individuals with black hair vs. blonde hair – 2 categories that
are very different – it is more likely to achieve high levels of agreement between observers.
With more observed variables and with categories that are less differentiated, a high level of
reliability becomes more difficult to achieve (McHugh, 2012). In this study, the observers were
asked to identify discrete knee range of motion ranges across four categories. For the single-leg
squat and the single-leg step-down, each category was differentiated by only 5 degrees range of
motion (Good = 0.1-5 degrees frontal plane knee valgus; Fair = 5.1-10 degrees frontal plane knee
valgus; Poor = 10.1-15 degrees frontal plane knee valgus; Very poor: 15.1-20 degrees frontal
plane knee valgus). In the single-leg drop landing, each category was differentiated by just 10
degrees range of motion (Good: 90.1-100 degrees of sagittal knee flexion; Fair = 80.1-90 degrees
of sagittal knee flexion; Poor = 70.1-80 degrees of sagittal knee flexion; Very poor = 60.1-70
degrees of sagittal knee flexion). Accordingly, those variables make it more difficult to achieve
high levels of reliability, even with training of the observers. It is possible that more training of
the observers may have improved the interrater reliability, however, it is unknown whether more
training would be sufficient to overcome the challenge of the number of categories and the
discrete differentiation among them. It is also possible that reducing the number of categories
the observers had to choose from, for example limiting to two categories: good vs. poor, with a
wider range of degrees for each category, would have resulted in better interrater reliability. The
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premise that better interrater reliability in rating lower extremity movement could be achieved by
reducing the number of categories is supported by (Ressman et al., 2019) who found in their
metanalysis of lower extremity movement screening tools that screening tools with 3 categories
demonstrated higher inter-rater reliability compared with tools that had 4 categories. For
example, Chmielewski et al. (2007) assessed the ability of raters to classify movement quality of
subjects performing a single-leg squat and a single-leg lateral step-down using a four-point rating
scale (no deviation; small-magnitude movement out of neutral; moderate-magnitude out of
neutral; and excessive or severe magnitude out of neutral). Weighted kappa coefficients ranged
from 0-0.55 indicating no more than a weak agreement between raters. Kennedy et al. (2010)
assessed raters’ ability to classify movement quality during a single-leg squat by identifying one
of 5 factors that limited the subject’s performance of the task. The authors reported kappa
coefficients from 0.26-0.37 indicating a minimal agreement between raters. Similar to our study,
the four-category scales in the Chmielewski et al. (2007) and Kennedy et al. (2010) studies may
affected interrater agreement.
Conversely, (Ageberg et al., 2010) assessed the ability of raters to classify subjects’
performance of a single-leg squat using a 2-category scale: either a knee-over-foot position, or a
knee-medial to foot position. The kappa coefficient was 0.92, indicating a strong agreement
between raters. Similarly, Whatman et al. (2013) assessed the ability of raters to determine
whether subjects’ patella did, or did not, move medial to subjects’ second toe during
performance of a partial squat, single-leg squat, and drop-jump test. The authors reported first
order agreement coefficients, which they cited can be interpreted similarly to kappa coefficients,
from 0.71-0.78 indicating moderate agreement among raters. Hence, it is plausible that
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redesigning the instrument used in our study by reducing the number of rating categories, and
widening the range of motion degrees within each category, would improve interrater reliability.
Concurrent Validity
There was a strong, positive, significant correlation for the single-leg drop landing, a strong,
negative, significant correlation for the single-leg squat, and a weak, positive correlation for the
single-leg step-down, which was not statistically significant. Based on these results, we rejected
H04, and we failed to reject H05 and H06. Based on these results we could conclude that there is
sufficient evidence to suggest that the raters’ observation of the single-leg drop landing aligned
well with the motion analysis, but that their observation of the single-leg squat and the single-leg
step down did not align well with the motion analysis.
There are several possible explanations for these results. First, it is important to recognize
that validity is not an all or none principle – a measurement tool is not either valid or not valid.
Instead, evidence from multiple sources either lends support to, or refutes, the degree to which
the interpretation of an instrument’s scores can be trusted (Downing, 2003). Some sources of
evidence include content (e.g., the instrument specifications), internal structure (e.g., item
discrimination), relationship to other variables (e.g., correlation to similar tests), and
consequences (e.g., classification accuracy) (Downing, 2003). Additionally, Downing &
Haladyna (2004) described multiple threats to validity including: the effect of an observer on
performance, rater training, and too few raters. These threats will be addressed in the following
sections.
Effect of an observer on performance. It is unclear whether the subjects’ awareness of the
raters observing them during their performance of the tasks impacted their performance of the
tasks. However, in this case it is unlikely to have impacted the results since even if the subjects
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did alter their performance of the tasks, thereby impacting their knee joint position, the raters still
would have correctly identified the “altered” knee joint position if they were good at using the
tool to rate the subjects in the first place.
Rater training. Rater training could have impacted the validity evidence. In this study, rater
training occurred in two steps. First, the raters were provided a still image of an individual
performing each of the tasks. The image included markings to show where the position of the
knee would likely fall in relation to the foot for the various knee joint angle ranges in each rating
category. Using a still image is different than watching someone perform a task in real time, so
this part of the training could have been improved by using a video instead. Previous studies
(Ekegren et al., 2009; Padua et al., 2009) have shown that use of two-dimensional video for
observing and rating lower extremity movement patterns has good reliability and validity, so it is
plausible that using two-dimensional video for training purposes may also yield better results
than a still image. For the second part of the rater training, raters participated in one simulated
trial of the study with one participant to familiarize themselves with the lab and practice rating a
participant performing each of the tasks in the same manner as in the study. However, there was
no analysis of the raters’ performance during the simulated trial, so there was no opportunity to
provide feedback to the raters about the accuracy of their ratings. It is possible that if rater
feedback was provided, their accuracy could have improved.
Number of raters. It is plausible that having only two raters impacted the validity evidence
(Downing, 2003). More raters may have resulted in a wider distribution of scores for each
subjects’ performance on the three tasks which could have resulted in more agreement between
the raters and the motion analysis data.
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Content, Internal Structure, and Consequences. These three sources of validity evidence are
addressed together since there is overlap among them. Specifically, the instrument specifications
(content) and item discrimination (internal structure) can each impact the classification accuracy
(consequences).
The screening tool included rating scales for each of the three tasks that the subjects
performed. The scales were based on knee joint positions cited in the literature as being
associated with “high risk” movement (Ekegren et al., 2009), and those associated with the
development of patellofemoral pain (Boling et al., 2009). The ratings for the single-leg drop
landing were as follows: Good: 90.1-100 degrees of sagittal knee flexion; Fair = 80.1-90 degrees
of sagittal knee flexion; Poor = 70.1-80 degrees of sagittal knee flexion; Very poor = 60.1-70
degrees of sagittal knee flexion. These categories were based on the work of (Boling et al.,
2009) who found that subjects who landed with a knee flexion angle of 62.2 degrees during a
jump-landing task were 3.1 times more likely to develop patellofemoral pain than those who
landed with a knee flexion angle of 99.5 degrees. Hence, the “Very Poor” rating included 62.2
degrees, the knee joint angle associated with the development of patellofemoral pain, and the
“Good” rating included 99.5 degrees, the knee joint angle less associated with the development
of patellofemoral pain. Ratings for the single-leg step-down and single-leg squat were as
follows: Good = 0.1-5 degrees frontal plane knee valgus; Fair = 5.1-10 degrees frontal plane
knee valgus; Poor = 10.1-15 degrees frontal plane knee valgus; Very poor: 15.1-20 degrees
frontal plane knee valgus. These values were based on the work of Ekegren et al. (2009) who
identified 10.83 degrees of frontal plane knee valgus as the most sensitive cutoff point between
what they deemed “high risk” and “low risk” movement patterns of the subjects in their study.
Therefore, the “Poor” rating for the single-leg squat and single-leg step-down included 10.83
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degrees. One potential challenge with the development of the rating scale for the single-leg
squat and the single-leg step down was the decision to include 10.83 degrees in the “Poor”
category. This decision resulted in the scales for the single-leg squat and single-leg step-down
not aligning with the scale for the single-leg drop landing. Specifically, for the single-leg stepdown and the single-leg squat scores, the knee joint angle associated with being “high risk” was
in the “Poor” category, while in the single-leg drop landing scores the knee joint angle associated
with the development of patellofemoral pain was included in the “Very Poor” category. Since
the rating scales did not align for the different tasks, it could have been confusing to the raters.
Additionally, there was less discrimination among knee joint angle categories between the scale
for the single-leg squat and single-leg step-down (5 degrees) than there was single-leg drop
landing task (10 degrees). It is plausible that 5-10 degrees difference in knee joint motion is not
easily detectable. Interestingly, Harris-Hayes et al. (2014) cited a 10 degree change in frontal
plane knee motion as being easily detectable by visual appraisal, so it is possible that the discrete
knee joint motion differences among categories for the single-leg step-down and single-leg squat
impacted the raters’ ability to accurately score the subjects’ performance of the tasks.
It is also plausible that the raters may have had difficulty remembering the knee joint angles
associated with each category. Instead of naming the various categories with good, fair, poor,
and very poor, the rater’s ability to reliably and accurately judge knee joint position may have
improved if the categories were instead just listed as the ranges they represented.
Finally, the screening tool did not include a rating for knee joint angles that fell above or
below the knee joint angle ranges for the 4 categories, so it is plausible that this constraint
affected the ability of the raters to accurately classify subjects’ knee joint angle during the tasks.
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In fact, during the single-leg drop landing tasks, there were 7 times that a subject’s jump knee
angle average fell below 60 degrees, the cutoff for a rating of “1” or “poor”.
Collective Evaluation of Results
To fully understand the results of this study, it is important to consider all the data
collectively. To do that we need to consider the reliability and validity data together and we also
need to include the graphed data points (Figures 9-14), which provide us with a full
understanding of the distribution of the ratings.
For interrater reliability of the drop landing task, we found a strong, significant positive
correlation. That significant correlation, combined with a review of Figure 9, which shows
thirteen instances in which the raters had the same rating, and ten instances in which the raters
were only one category away from each other suggests that we can be fairly confident that the
tool was reliable for the single leg drop landing. For the concurrent validity of the drop-landing
task, we found a significant correlation, however as illustrated in Figure 10, the raters
consistently overestimated the amount of knee flexion when compared to the actual ranges
identified by motion analysis. Hence, the raters were able to tell the difference between less knee
flexion and more knee flexion, but not in a way that reflected the actual knee angles. Hence,
there appears to be consistency in their error, so it is possible that better training could result in
less overestimating of the range of motion.
For interrater reliability of the single-leg squat we found a strong, significant positive
correlation. A review of Figure 10, which shows fifteen instances in which the raters had the
same rating and eight instances in which the raters were only one category away from each other
suggests that we can be fairly confident that the tool was reliable for the single-leg squat.
However, a strong negative correlation for the concurrent validity suggests that the raters were
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very bad at identifying the actual amount of knee valgus during the squat. Hence, with good
reliability, but no concurrent validity, using this tool for assessing lower extremity movement
quality during a single-leg squat should be avoided.
Finally, for the single-leg step down, we failed to reject the null hypothesis for both interrater
reliability and concurrent validity. Therefore, out of the three tasks evaluated in this study it
would not be advisable to use the single-leg step down as a task used for screening lower
extremity movement quality.
Conclusions
Clinical Application
From a clinical application standpoint, we make the following conclusions based on the
results of this study:
1. Although there was a strong, significant positive correlation for both interrater reliability
and concurrent validity, nature of the concurrent validity relationship suggests that the
tool should not be used to assess knee joint flexion during a single-leg drop-landing.
2. Although there was a strong, significant positive correlation for interrater reliability, the
strong negative correlation for concurrent validity suggests that the tool should not be
used to assess frontal plane knee valgus during a single-leg squat.
3. There was a moderate positive correlation that was not significant for interrater reliability
and a weak, positive correlation that was not significant for concurrent validity, which
suggests that the tool should not be used to assess frontal plane knee valgus during a
single-leg step down.
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Future Study
Based on the results of the interrater reliability and concurrent validity in this study, a
screening tool to assess performance of the single-leg drop landing shows the most promise for
future study. One suggested modification for future study is to include more training of the
raters and to revise the training protocol to include videos of individuals performing the task and
to provide feedback to the raters about their ratings. A second suggested modification is to
consider using a higher box from which the subjects drop off. In this study, there was only one
instance of a subject having greater than 80 degrees knee flexion according to the motion
analysis data, as is illustrated by the scores above and below the red line in Figure 15. Hence, it
is plausible that landing off a 20 cm box did not require more than 80 degrees of knee flexion to
land. This resulted in a limited distribution across all rating categories, which may have affected
the results. Incorporating a 30 cm high box for a future study may result in more subjects
landing with greater that 80 degrees of knee flexion, which will improve the distribution of
scores across categories.
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Figure 15
Illustration of the limited distribution of motion analysis ratings in the 80-100 degrees of motion
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Finally, new technology is emerging that provides access to motion analysis applications on
smartphones. Recent studies have focused on using these applications to assess static range of
motion (Charlton et al., 2015; Kocak et al., 2021) or are still somewhat time consuming in that
they require using reflective markers (Mousavi et al., 2020). However, with these emerging
technologies that are not cost prohibitive, there may be less of a need for developing new
screening instruments if we can ensure that they provide reliable and valid assessments.
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